Montmorillonite clay (MMT) is one of materials that can be "green material" due to its environmental safety. In this work, acid-activated MMT catalysts were prepared for the dehydration reaction of ethanol. To be the green process, the reaction with bioethanol was also studied. Ethanol concentrations in feed were varied in the range of 10-99.95 wt%. Moreover, the concentrations of hydrochloric acid activated MMT were investigated in range of 0.05-4 M. From the experiment, it reveals that different acid concentrations to activate MMT affect the catalytic activity of catalysts. The 0.3 M of HCl activated MMT exhibits the highest activity (under the best condition of 30 ml HCl aging for 1 h) with the Si/Al ratio of 7.4. It can reach the ethanol conversion and ethylene selectivity up to 95% and 98% at reaction temperature of 400℃, respectively. For the several ethanol feed concentrations, it does not remarkably affect in ethanol conversion. However, it has some different effect on ethylene selectivity between lower and higher reaction temperatures. It was found that at lower temperature reaction, ethylene selectivity is high due to the behavior of water in feed. In addition, the 0.3 M-MMT can be carried out under the hydrothermal effect.
INTRODUCTION
Most petrochemical products such as acetic acid, ethylene oxide, ethylene glycol, ethylbenzene, chloroethanol, vinyl chloride, styrene, ethylene dichloride, vinyl acetate can be produced from ethylene. Moreover, ethylene also can be used as feedstock in polymerization reaction to the formation of polyethylene, polyvinyl chloride and polystyrene 1 . Currently, ethylene has been commercially produced by thermal cracking reaction of petroleum or natural gas feedstock. The disadvantages of this process are the limitation of natural gas feedstock and highly energy consumption due to high temperature operation ca. 750-900 due to endothermic operation and high CO 2 emission 2, 3 .
Nowadays, the CO 2 emission problem in chemical industries is important and should be reduced. Therefore, the biochemical such as bio-ethanol may facilitate the reduction of CO 2 emission in the petroleum industries 4 . In the present study, ethylene formation via catalytic dehydration of ethanol was investigated. This alternative way is the merit to produce green ethylene because ethanol is a chemical obtained from renewable feedstock biomass such as molasses and starch via fermentation and catalytic dehydration of ethanol can be operated at low temperature. In the catalytic dehydration of ethanol, two reactions can occur in parallel reactions as follow 2, 5, 6 : The first reaction I is endothermic reaction, which main product is ethylene. The second reaction II can be operated at lower temperature due to exothermic reaction to obtain diethyl ether. Another reaction from ethanol via dehydrogenation reaction can also produce acetaldehyde as third reaction III below 2, 7 , C 2 H 5 OH C 2 H 4 O H 2 ΔH 82.5 kJ/mol III It is well known that solid acid catalysts have been widely investigated in catalytic dehydration of ethanol 2, 4, 8 10 . The most common solid acid catalysts are alumina 2, 11 , silica 12 , silica-alumina 13, 14 , zeolite 15, 16 and titania 8 . Not only these catalysts were studied, but the montmorillonite MMT was also selected to study for this reaction due to its acidic nature and it can be used as Brønsted acid catalyst, which is better for the catalytic dehydration of ethanol. The 2:1 smectite group of dioctahedral or trioctahedral is considered as green material due to its environmental safety. It is also cheap, easy modification and availability and high surface area 17, 18 . Based on previous works, MMT is used in many applications including isomerization α-pinene 19 , alkylation of toluene 20 , esterification of lauric acid 21 and dehydration n-butanol 22 . In addition, MMT was also activated with heteropolyacid which was investigated by Bokade and Yadav 23 . This research represented the active catalyst in bioethanol dehydration, where the dodecatungestophosphoric acid DTPA was supported on MMT. It increased ethylene selectivity. However, it is high-cost operation due to the preparation of catalysts. In our previous study in catalytic ethanol dehydration over different acid-activated montmorillonite clays 24 , we have developed a high performance of MMT with acid activation using hydrochloric acid HCl . It was found that the activation with hydrochloric acid led to enhance catalytic activity of ethanol dehydration having only slight deactivation after 72 h with less carbon deposition.
In this study, we further investigate the effect of HCl loading on MMT to obtain the best condition of prepared catalysts and also investigated the catalytic performance of obtained catalyst under effect of water in the ethanol feed condition in order to find the appropriate condition of bioethanol dehydration reaction.
EXPERIMENTAL 2.1 Materials
The commercial Al-pillared MMT clay and 37 hydrochloric acid, which was used to activate the MMT clay were obtained from Sigma-Aldrich Chemical Company, Inc. 99.95 Absolute ethanol was purchased from Merck. Deionised water was used to prepare a range of ethanol concentrations 10, 30, 50 80 wt of ethanol
Preparation of acid-activated MMT
The catalyst samples were prepared with acid-activation by stirring 1 g of MMT in hydrochloric acid HCl solution with volume of 30 ml using concentrations of 0.05 M, 0.1 M, 0.3 M, 0.5 M, 0.7 M, 1 M, 2 M and 4 M for 1 h. The HCl-activated MMT catalysts were kept in an oven at 125 for 21 h. Then, all samples were removed Cl by washing with DI water until neutral and dried overnight at 110 . The catalyst samples were denoted as x M-MMT x means the concentration of hydrochloric acid for the activation of MMT catalyst .
Characterization
The characterization techniques of catalysts include XRD, N 2 physisorption, FTIR, NH 3 -TPD, SEM/EDX and TGA. The details are as follows; 2.3.1 Powder X-ray diffraction XRD XRD patterns of catalysts were obtained by X-ray diffractometer Bruker AXS Model D8 Discover with CuK α radiation source λ 1.54439 Å and Ni filter. The catalysts were scanned in the range of 2θ 3 to 45 with a resolution of 0.02 . 2.3.2 N 2 physisorption N 2 physisorption was used to determine the specific surface area, pore volume and pore size diameter of prepared catalysts using Micromeritics Chemisorb 2750 Pulse chemisorption system instrument. The gas adsorption and desorption isotherms were conducted at liquid nitrogen temperature 196 and calculated using the Brunauer, Emmet, and Teller BET isotherm equation.
Fourier transform infared spectroscopy FTIR
The IR spectroscopy was used to identify specific structural characteristics of the chemical group from the vibration properties by Nicolet 6700 FTIR spectometer in the range of 400 to 4000 cm 1 . 2.3.4 Temperature-programmed desorption of ammonia NH 3 -TPD The acid properties of samples were determined using Micromeritics chemisorp 2750 pulse chemisorption system. The catalyst sample was packed in a U-tube glass with quartz wool and pretreated under helium flow at 500 for 1 h. Then, the catalyst sample was saturated with 15 of NH 3 /He at 40 for 30 min. After saturation, the physisorbed ammonia was desorbed under helium gas flow. Then, the chemisorbed ammonia was removed from active sites from temperature of 40 to 500 at heating rate of 10 /min. Amount of ammonia is related to acidity of catalyst. 2.3.5 Scanning electron microscopy SEM and energy dispersive X-ray spectroscopy EDX Hitashi mode S-3400N was used to determine the morphology of catalysts with the accelerating voltage of 30 kV and magnification ranging from 1,000 to 10,000 and the resolution of 3 nm. The SEM was carried out using the secondary scattering electron SE mode. The sample of SEM observation was conductive to prevent charging by coating with platinum under the ion sputtering device. EDX was performed using Apollo X Silicon Drift Detector Series by EDAX to determine the elemental distribution and composition over different catalyts. 2.3.6 Thermal gravimetric analysis TGA TGA was performed using the thermal gravimetric SDT analyzer model Q600. The sample was carried out under a heating rate of 10 min 1 from 30 to 1000 to investi-gate the deposition of carbon on catalyst surface.
Reaction study
According to a previously reported procedure 24 . The temperature-programmed reaction of ethanol dehydration was done by increasing temperature from 200 until 400 . The ethanol dehydration was carried out in a fixedbed continuous down flow microreactor I.D. 0.7 cm at atmospheric pressure which 0.01g of a packed quartz wool and about 0.05g of catalyst was pretreated in argon at 200 for 1 h. The ethanol was fed into the vaporizer and ethanol flow rate was controlled by a single syringe pump at 1.45 ml/h WHSV 22.9 g ethanol g cat 1 h 1 . A Shimadzu GC-14B gas chromatograph with flame ionization detector FID using capillary column DB-5 at 150 was used to detect the effluents. Three parameters including conversion of ethanol X EtOH , product selectivity S i and product yields Y i characterized the catalytic activity. They were calculated following Eqs. 1 , 2 and 3 :
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RESULTS AND DISCUSSION

Characteristics
After various HCl loadings on MMT catalyst, the HCl-activated MMT catalysts were characterized using various techniques. The results are discussed below.
The XRD patterns of all samples are shown in Fig. 1 . It can be seen that the characteristic peaks at 2θ 5.9, 20, 22 and 36 were assigned to the smectite 25 . In the MMT after acid treatment, it was informed that the peak at 2θ 21.8 having basal distance of 4.08 Å is the impurities 21 . The reflection peaks of all HCl acid-activated montmorillonite were still in the same position excepting for 0.05 M-MMT catalyst. The XRD peaks of 0.05 M-MMT catalyst were shifted to lower degrees due to the expansion of the basal spacing 26 . The intensity of peaks of lower acid concentration activated MMT such as 0.05 M-MMT, 0.1 M-MMT, 0.3 M-MMT, 0.5 M-MMT was similar. In contrary, at higher acid concentration activated MMT such as 1 M-MMT, 2 M-MMT and 4 M-MMT, it was found that the intensity of peaks apparently decreased indicating the low concentration of crystalline plane. It is known that the active acidic site for the reaction is improved due to increasing of crystallinity 23 . For most catalysts, it revealed that the main crystalline structure did not significantly change with the acid activation, excepting for the 4 M-MMT sample, where the decreasing of XRD peak at 2θ 20 was observed. It may cause from the excess of acid concentration that destroys the structure of catalyst 23 .
The FTIR spectra of acid-activated MMT catalysts are shown in Fig. 2 . The functional groups of all acid-activated MMT catalysts can be investigated by FTIR in the wavenumber range of 4000-400 cm 1 . All acid-activated MMT catalysts represent adsorption bands at 3417 cm 1 . This band is assigned to the stretching vibration of OH groups for physisorbed water molecules on surface 27 . The OH stretching vibration coordinated to Al 3 cations Al-OH-Al was found at 3621 cm 1 27 . The adsorption bands at 1182 cm 1 and 1021 cm 1 were the Si-O for stretching vibration out-of-plane and the Si-O stretching in-plane , respectively. The deformation of Al-OH-Al was corresponding to 912 cm 1 and the peak at 618 cm 1 was assigned to the out of plane of Al-O stretching vibration 26 . The peak at 793 cm 1 is the impurities such as cristobalite 21, 26 , which did not change after increasing the acid concentration to activate MMT from 0.05 M to 2 M, but it changed the structure of 4 M-MMT catalyst with corresponding to the XRD results. The surface area and pore structure of all acid-activated catalysts were studied by N 2 physisorption. The specific surface areas for all acid-activated catalysts are summarized in Table 1 . It was found that after activation of MMT with hydrochloric acids, it decreased the surface area due to the passivation process as reported by Ajemba and Onukwuli 28 . It occurred from the deposition of the free silica of the tetrahedral sheet. Figure 3 represents the pore structures of sample presented as the N 2 adsorption-desorption isotherms. All catalyst samples show the hysteresis loop at high relative pressure P/P 0 0.4 . Therefore, they are mesoporous structure corresponding to Type IV IUPAC . Mostly, catalyst samples showed the similar hysteresis loop excepting for 4 M-MMT catalyst. It can be ob-served that for 4 M-MMT catalyst, the hysteresis loop is much broader indicating larger pore volume than other catalyst samples. A plot of pore size distribution between pore volume and pore diameter also confirms the change in pore structures as seen in Fig. 4 . It reveals that the pore diameters of sample are ranged between 2 to 50 nm indicating the mesoporous material.
SEM micrograph can be used to observe the acid activation effect which did not change the morphology of MMT catalyst. Elemental distribution in all catalysts can be quantitatively determined by EDX as shown in Table 2 . In the previous study 24 , it showed that after different acid activations of MMT, it was observed the removal of Al cation in structure and Al 3 ion was probably replaced by H ion. Therefore, the Si/Al ratio apparently increased 21 . Based on this study, raw MMT had the Si/Al ratio of 2.3 and it was found that the Si/Al ratio increased after activation with different acid concentrations. It indicated that higher Brønsted acid sites occurred by the replacement of Al 3 Table 1 Properties of all acid-activated montmorillonite catalysts.
Samples
BET Surface Area, S BET (m 2 /g) NH 3 Desorption Total Acidity (μmol NH 3 The amount of ammonia desorbed from the catalyst can be considered as the number of acid sites and the acid strength presented on the catalyst, related to both Lewis and Brønsted acid sites. It was performed by NH 3 -TPD. The TPD profiles not shown for all acid-activated catalysts indicated two different types of acid site and catalysts have a broad peak at 100-500 , due to the presence of weak, medium and strong acid sites. Generally, the desorption peaks at low temperature below 250 is corresponding to the weak acid sites, whereas those peaks above 400 is associated with strong acid sites 23 . Previous researches have reported on the strength of acidity such as Chen et al. 5 and Xiao et al. 29 . They claimed that the weak, and moderate and strong acidity affected the catalytic activity of ethanol dehydration. Dehydration activity of ethylene is better on the catalysts with higher weak acid site, while strong acid site produces the polymerization of ethylene. The integration of desorption area of ammonia according to the Gauss curve fitting method was used to calculated the number of acid site on catalyst and they are summarized in Table 1 .
It was found that the acid sites of MMT increased when it was activated with 0.05 M -0.3 M hydrochloric acid and decreased with higher acid concentrations. The 0.3 M-MMT catalyst exhibited the largest amount of weak acid site and acid density 3 μmoleNH 3 /m 2 which leads to increased amounts of Brønsted acid sites as seen from Table 1 . This is corresponding the highest Si/Al as confirmed by EDX results and indicated that 0.3 M-MMT has higher H on surface than other catalysts.
Reaction study 3.2.1 Effect of HCl loading in MMT catalyst
In order to study the effect of difficult HCl loadings, dehydration of ethanol was performed over the different loadings of HCl on MMT catalyst in the temperature range of 200 to 400 . It is well known that the product distribution of dehydration depends on the reaction temperatures as mentioned earlier. The result as shown in Fig. 5 is obvious that the conversion increased with increasing in the reaction temperature. The 0.3 M-MMT exhibited the highest conversion of 95 at 400 having ethylene selectivity of 98 . As seen from Table 1 , which represented the properties of all HCl-activated MMT catalysts, the 0.3 M-MMT contains the largest amount of weak acid site ca. 369.5 μmole NH 3 /g cat and acid density ca. 3.45 μmole NH 3 / m 2 . Meanwhile, the result represents the difference between low and high acid concentration activated MMT. At low acid concentration, it obtained higher acid sites of catalyst than high acid concentration, which is related to the result in ethanol conversion Fig. 5 . In addition, the increase in amounts of weak acid site for the HCl activation can be explained by EDX results as seen in Table 2 . It represented the chemical composition obtained by EDX of HCl-activated MMT catalysts. It revealed that the amounts of weak acid site increased with increasing Si/Al ratio due to the replacement of Al 3 by H in the MMT surface 24 . Therefore, the presence of 0.3 M-MMT catalyst with Si/Al ratio of 7.4 was accompanied by the appearance of the NH 3 -TPD result. The ethylene and diethyl ether selectivities obtained by different catalysts are plotted as shown in Figs. 6 and 7 , respectively. As seen in these figures, the results appear to be in agreement with the role of ethanol dehydration. For the ethanol dehydration, there are two competitive pathways containing the main path involves the formation of ethylene which occurs via intramolecular that is endothermic and another one, inter-molecular dehydration to diethyl ether, is exothermic 2, 5, 30 , which is directly corresponding to the equation I and II as mentioned above. In case of ethylene Fig. 6 , all catalysts exhibited the highest ethylene selectivity at 400 and the ethylene selectivity apparently increased with increasing reaction temperature. The result showed that the 2 M-MMT and 4 M-MMT exhib-ited higher ethylene selectivity than others at 200 . It may be due to blocking of diethyl ether formation at low reaction temperature. For the diethyl ether selectivity in Fig. 7 , the diethyl ether selectivity as opposed to the ethylene selectivity. It decreased with increasing reaction temperature. The result indicated that at 200 to 300 , diethyl ether is a major product for all catalysts. Increased reaction temperature resulted in a significant decrease in diethyl ether selectivity. However, at low reaction temperature, 2 M-MMT and 4 M-MMT catalysts exhibited lower diethyl ether selectivity than other catalysts due to the formation of ethylene. It apparently demonstrated that the ethylene selectivity and diethyl ether selectivity showed a similar trend at low 0.05 M-1 M and high 2 M -4 M acid concentration activated MMT.
A comparison of ethylene yield product of ethanol conversion and ethylene selectivity is considered. The ethylene yield for all catalysts is shown in Fig. 8 . It increased with increasing reaction temperature up to 400 . At this temperature, the highest ethylene yield 93 was obtained from the 0.3 M-MMT catalyst, which indicated the best catalyst under the condition: 0.3 M, 30ml of HCl, and aging for 1 h under basis 1 g of MMT.
Effect of ethanol concentration in feed
It is well known that the production of bioethanol via fermentation synthesis contains large amount of water. Mostly, the concentration of bioethanol is about 10 wt . In addition, there is some researcher that study the effect of ethanol concentration on catalyst such as Wu et al. 31 . They investigated the different concentrations of bio-ethanol aqueous solution of 40, 70, 80, 95, 99.7 wt on SAPO-34. The catalytic testing showed that both of ethanol conversion and ethylene selectivity over SAPO-34 catalyst decreased with increasing amount of water in ethanol feed. The 99.7 wt of ethanol at temperature reaction of 240 , about 98 of ethanol conversion and 99 of ethylene se- 
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lectivity were obtained. However, they decreased to 55 and 80 , respectively with decreasing ethanol concentration to 40 wt . This might be rationalized by the fact that this catalyst show poor water resistance hydrothermal effect . Therefore, this research is interested in the effect of ethanol feed concentrations including 10, 30, 50, 80 and 99.95 wt of ethanol. This is due to simplify the condensation process of bioethanol and carry out in flexible processing on conversions and selectivity 2 .
In this section, 0.3 M-MMT catalyst was used due to it acts as the best catalyst among other catalysts as described in section 3.2.1. The catalytic dehydration of ethanol over 0.3 M-MMT catalysts with various ethanol concentrations in feed was also conducted to measure catalytic activity in terms of ethanol conversion at the reaction temperature from 200 to 400 . The effect of ethanol concentration on the ethanol conversion, ethylene selectivity, diethyl ether selectivity and ethylene yield are shown in Figs. 9 to 12, respectively. Moreover, all of these experiments were found to produce only little amount of acetaldehyde 0.1-0.6 at high reaction temperature.
In Fig. 9 , it represented the ethanol conversions of 0.3 M-MMT catalyst under various feed concentration. It obvious that water content did not affect on ethanol conversion of this catalyst. It showed closely ethanol conversion for all studied feed concentration. Using lower ethanol concentration also showed the better ethanol conversion than using pure ethanol as reactant feed. The selectivity of ethylene and diethyl ether were shown in Figs. 10 and 11 , respectively. At lower reaction temperature 200-300 , the selectivity of ethylene increases with decreasing ethanol concentration, while the selectivity of ethyl ether decreased. This may be occur from changing of acid site. In previous work of ethanol over γ-Al 2 O 3 catalyst, it was found that Lewis acid site shifts to Brønsted acid site more easily on γ-Al 2 O 3 due to increased amount of water concentration that leads to decreased alumina basicity and dehydration activities, which is competitive adsorption of water and ethanol on the active sites of the catalyst surface were proposed 2, 32 . Moreover, at low ethanol concentration, it gave high ethylene selectivity because the weak associatively adsorbed ethanol to react with ethoxy groups was low 33 . However, as see in Fig. 11 , the selectivity of diethyl ether tended to decrease with increased water. It is feasible that the effect of water could be removed at high temperature 2 . However, ethylene selectivity was obtained more than 98 at higher reaction temperature. This made the better ethylene yield in bioethanol as shown in Fig. 12 . This finding also demonstrated that the hydrothermal effect was less pronounced on the 0.3 M-MMT catalyst at high content of water in ethanol feed. It revealed that this catalyst can be utilized in bioethanol dehydration as a green process to obtain the better catalytic activity. Nevertheless, it is generally accepted that the most important factor affecting the deactivation of active site is due to coking come from high water content in ethanol reactant 34 36 . Therefore, the carbon deposition on catalyst surface was studied and determined through the thermal gravimetric analyses TGA . The TG analysis recorded the actual and different weight from 30 to 1000 and represented in Fig. 13 . Figure 13 shows the TGA curves of catalysts after they were spent in dehydration reaction with the ethanol concentration of 10 wt and 99.95 wt . Initial weight loss up to 200 is believed to be due to the removal of water from the catalysts, therefore, it had no effect on the coke calculation. For the temperature range of 200 to 800 , the weight loss is used for the coke calculation due to this period is de-coking process 37 . From TGA result, it demonstrated that the spent 0.3 M-MMT catalyst under higher content of water showed the weight loss of 5.02 , which was apparently lower than pure ethanol condition the weight loss of 8. 31 . It can be seen that a large amount of water in reactant did not show a remarkable effect on the rising of carbon deposition of the 0.3 M-MMT catalyst. Therefore, it is of interest that the 0.3 M-MMT catalyst may be used in high water content of ethanol or bioethanol dehydration with low amount of carbon deposition on catalyst surface. However, it still remained highly active catalyst and selectivity of ethylene similar to the use of catalyst in pure ethanol dehydration.
Based on our present study, the high ethylene yield of 93 over 0.3 M-MMT catalyst was obtained. In order to compare the result of the catalysts in this work with other works, the comparative results of ethylene selectivity and ethylene yield are added as shown in Table 3 . Many works gave high amount of ethylene yield and selectivity 2, 4, 38 . However, clay is cheaper than other materials, which also gives nearly complete yield and selectivity of ethylene The best condition can reach the ethanol conversion and ethylene selectivity up to 95 and 98 at reaction temperature of 400 , respectively . 
CONCLUSION
The catalytic performance for ethanol dehydration over hydrochloric acid-activated montmorillonite catalysts prepared by acid activation was investigated. It was found that the best condition for the preparation of HCl-activated MMT is 0.3 M 30 ml aging for 1 h under basis of 1 g MMT. This is plausibly due to the 0.3 M-MMT catalyst exhibits the highest activity in the study of acid concentration activated MMT because of its physical properties Si/Al 7.4 and its acid properties, therefore, this catalyst was led to study in the investigation of ethanol feed concentration. Moreover, it was found that the excess acid concentration activated MMT in 4 M-MMT destroyed the structure of catalyst which were shown in XRD and FTIR characterization. The effect of ethanol concentration or water content on 0.3 M-MMT further catalyst was studied via ethanol dehydration. The best yield of ethylene was up to 98 over 0.3 M-MMT catalyst at the reaction temperature of 400 with using 30 wt of ethanol as the reactant. Moreover, the selectivity of ethylene increased with decreasing the ethanol concentration at low reaction temperature. This means that that this catalyst can be used with bioethanol no water effect .
